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(54) Semiconductor device and method for producing the same 

(57) A semiconductor device includes the first 
through third semiconductor devices which are stacked 
on a substrate and the first through third wires for con- 
necting the semiconductor elements and the substrate. 
The first wires serve to connect electrodes of the first 
semiconductor element positioned uppermost and elec- 
trodes of the second semiconductor element. The sec- 
ond wires serve to connect the electrodes of the second 
semiconductor element and electrodes of the third sem- 
iconductor element. The third wires serve to connect the 
electrodes of the third semiconductor element and 
bonding pads of the substrate. Between the first wires 
and the electrodes of the second semiconductor ele- 
ment and between the second wires and the electrodes 
of the third semiconductor element, stud bumps are pro- 
vided so as to form space therebetween, thereby avoid- 
ing short-circuits therebetween. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to 
semiconductor devices and methods for producing the 
same, and more particularly to a semiconductor device 
and a method for producing the semiconductor device, 
which is configured to have a plurality of semiconductor 
elements stacked therein. 

[0002] In recent years, with increasing demand for 
miniaturized portable equipment such as a portable tel- 
ephone, a semiconductor device, which is carried 
therein, has also been required to become smaller. In 
order to support this situation, a stack-type semicon- 
ductor device, which has a plurality of semiconductor 
elements stacked within resin for encapsulation (a pack- 
age) thereof, is developed. 

2. Description of the Related Art 

i 

[0003] FIGS. 1 and 2 show a conventional stack- 
type semiconductor device 1A which comprises a plu- 
rality of leads 5 serving as connecting terminals. FIG. 1 
is a cross-sectional view of the semiconductor device 
1 A and FIG. 2 is plan view of the semiconductor device 
1 A where encapsulating resin 6A is partly removed. 
[0004] The semiconductor device 1A shown in 
FIGS. 1 and 2 is configured to have three semiconduc- 
tor elements 2, 3 and 4 which are stacked on a stage 
portion 5a provided on the leads 5. On the semiconduc- 
tor elements 2, 3 and 4, there are respectively provided 
first electrodes 7, second electrodes 8 and third elec- 
trodes 9, which are connected to bonding-pads 5c of the 
leads 5 via first wires 10, second wires 11 and third 
wires 12, respectively. Also, outer leads 5b of the leads 
5 are formed extending to the outside thereof, for exam- 
ple, like a gull wing. 

[0005] Since the semiconductor device 1 A shown in 
FIGS. 1 and 2 is configured such that the outer leads 5b 
extend out of the encapsulating resin 6A and the bond- 
ing-pads 5c to which the wires 10 through 12 are joined 
are formed outside the semiconductor elements 2 
through 4, this results in a large size of the semiconduc- 
tor device 1A. Further, although the semiconductor 
device 1A has a multi-pin structure resulting from the 
high-density and stack of the semiconductor elements 2 
through 4, there is a limit to shortening pitches of the 
adjacent leads 5 and this also results in the large size of 
the semiconductor device 1 A. 

[0006] On the other hand, FIGS. 3 and 4 show a 
conventional BGA-type (ball grid array type) semicon- 
ductor device 1 B which has a plurality of solder balls 15 
serving as connecting terminals. FIG. 3 is a cross-sec- 
tional view of the semiconductor device 1 B and FIG. 4 is 
a plan view of the semiconductor device 1 B where the 



encapsulating resin 6B is partly removed. In addition, in 
FIGS. 3 and 4, parts, which are the same as those 
shown in FIGS. 1 and 2, are given the same reference 
numerals. 

5 [0007] The BGA-type semiconductor device 1 B is 
configured to have first, second and third semiconduc- 
tor elements 2, 3 and 4 which are stacked on a sub- 
strate 13 thereof, for example, a printed wiring 
substrate. On the semiconductor elements 2, 3 and 4, 

10 there are respectively provided electrodes 7, 8 and 9. 
These electrodes 7 through 9, using first, second and 
third wires 10, 1 1 and 12 respectively, are connected to 
a plurality of bonding pads 14 whiclr is formed on the 
substrate 13 wfcere the semiconductor -elements 2 

is through 4 are stacked. 

[0008] The plurality of bonding pads 14 are con- 
nected to the respective solder balls 15 via through- 
holes and wires (both not shown). Thus, each of the 
semiconductor elements 2, 3 and 4 is connected to the 

20 solder balls 1 5 via the wires 1 0 through 1 2, the bonding 
pads 1 4, the not-shown through-holes and wires. 
[0009] As previously described, since the BGA-type 
semiconductor device 1B is configured such that the 
solder balls 1 5 serving as connecting terminals are pro- 

25 vided under the stacked semiconductor elements 2 
through 4, it can be produced smaller in size than the 
semiconductor device 1A of FIGS. 1 and 2. Further, 
since the adjacent pitches of the bonding pads 1 4 can 
be designed narrower than those of the leads 5 shown 

30 in FIGS. 1 and 2, the bonding pads 14 can support the 
multi-pin structure. 

[0010] As can be seen from FIGS. 1 through 4, 
however, either in the semiconductor devices 1 A or 1 B. 
since the leads 5 or the bonding pads 1 4 are connected 

35 to the semiconductor elements 2, 3 and 4 by using the 
wires 1 0, 1 1 and 12, it is imperative that the wires 1 0, 1 1 
and 12 be laid within the encapsulating resin 6A or 6B. 
[001 1] Particularly, in the semiconductor device 1 A 
or 1B where the semiconductor elements 2 through 4 

40 are stacked, the first wires 10 need to be laid long 
enough so that the uppermost-positioned semiconduc- 
tor element 2 can be connected to the leads 5 or the 
bonding pads 14. Thereby loop heights of the first wires 
10 (heights from the leads 5 or the bonding pads 14 to 

45 the first wires 1 0) become high and this results in a large 
size (particularly, in height) of the semiconductor device 
1Aor 1B. 

[0012] In order to solve the above mentioned prob- 
lems and miniaturize the semiconductor devices 1 A and 

so 1B, it is necessary to lower the wires 10 through 12. 
Lowering the wires 10 through 12, however, brings 
about a problem that wires 10 through 12 may contact 
corner portions of the semiconductor elements 2 
through 4, or adjacent wires thereof may contact each 

55 other to generate a short-circuit. As a result, reliability of 
the semiconductor device 1 A or 1 B is degraded. 
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SUMMARY OF THE INVENTION 

[0013] It is a general object of the present invention 
to provide a semiconductor device and a method for 
producing the same, in which the above disadvantages s 
are eliminated. 

[0014] Another and a more specific object of the 
present invention is to provide a semiconductor device 
comprising: 

10 

a plurality of semiconductor elements, at least 
including an uppermost one. a middle one, and a 
lowermost one, which are stacked on a substrate; 
a plurality of wires, each being- electrically con- 
nected between two of electrodes, respectively pro- is 
vided on two adjacent ones of the plurality of 
semiconductor elements, or between two ones of 
electrodes, respectively provided on said substrate 
and said lowermost semiconductor element which 
is directly stacked on said substrate; and 20 
a plurality of spacer members, respectively pro- 
vided between said wires and said electrodes pro- 
vided on the semiconductor elements other than 
said uppermost one; wherein 

space is formed between said wires and the plural- 25 
ity of semiconductor elements by said spacer mem- 
bers, without contact therebetween. 

[0015] Still another object of the present invention is 
to provide a method for producing a semiconductor 30 
device, comprising the steps of: 



the following detailed description when read in conjunc- 
tion with the accompanying drawings. 

BRI E F DESCRIPTION OF THE DRAWINGS 
[0017] 

FIG. 1 is a cross-sectional view of a conventional 
semiconductor device; 

FIG. 2 is a plan view of the conventional semicon- 
ductor device shown in FIG. 1, where encapsulat- 
ing resin is partly removed; 

FIG. 3 is a cross -sectional view of another conven- 
tional semiconductor device; . 
FIG. 4 is a plan view of the conventional semicon- 
ductor device shown FIG. 3, where encapsulating 
resin is partly removed; 

FIG. 5 is a cross-sectional view of a semiconductor 
device of a first embodiment according to the 
present invention; 

FIG. 6 is a plan view of the semiconductor device 
shown FIG. 5, where encapsulating resin is partly 
removed; 

FIG. 7 is a diagram illustrating a wire connecting 
structure of the semiconductor, device of the first 
embodiment according to the present invention; 
FIG. 8 is a diagram illustrating a bonding process in 
a method for producing the semiconductor device 
of the first embodiment according to the present 
invention; 

FIG. 9 is a diagram illustrating another bonding 
process in the method for producing the semicon- 
ductor device of the first embodiment according to 
the present invention; 

FIG. 10 is a diagram illustrating still another bond- 
ing process in the method for producing the semi- 
conductor device of the first embodiment according 
to the present invention; 

FIG. 11 is a diagram illustrating still another bond- 
ing process in the method for producing the semi- 
conductor device of the first embodiment according 
to the present invention; 

FIG. 12 is a diagram illustrating still another bond- 
ing process in the method for producing the semi- 
conductor device of the first embodiment according 
to the present invention; 

FIG. 13 is a diagram illustrating effects of the semi- 
conductor device of the first embodiment according 
to the present invention; 

FIG. 14 is a diagram illustrating a problem gener- 
ated when wires are directly bonded to electrodes 
of the semiconductor device of the first embodiment 
according to the present invention; 
FIG. 15 is a diagram illustrating a wire connecting 
structure of a semiconductor device of a second 
embodiment according to the present invention; 
FIG. 16 is a cross-sectional view of a semiconduc- 
tor device of a third embodiment according to the 



(a) stacking a plurality of semiconductor elements, 
at least including an uppermost one, a middle one, 
and a lowermost one, on a substrate; and 35 

(b) performing a wire bonding process in which a 
plurality of wires are each electrically connected 
between two of electrodes, respectively provided 
on two adjacent ones of the plurality of semicon- 
ductor elements, or between two electrodes, 40 
respectively provided on said substrate and said 
lowermost semiconductor element which is directly 
stacked on said substrate; wherein 

said wire bonding process comprises: 45 

(c) performing a spacer-member arranging process 
in which a plurality of spacer members are provided 
between said wires and said electrodes provided 

on the semiconductor elements other than said so 
uppermost one; and 

(d) performing a junction process in which said 
wires are respectively joined to said spacer mem- 
bers formed by said spacer-member arranging 
process. 55 

[0016] Other objects, features and advantages of 
the present invention will become more apparent from 
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present invention; 

FIG. 1 7 is a plan view of the semiconductor device 
shown in FIG. 16, where encapsulating resin is 
partly removed; 

FIG. 18 is a cross-sectional view of a semiconduc- 5 
tor device of a fourth embodiment according to the 
present invention; 

FIG. 19 is a diagram illustrating a bonding process 
in a method for producing the semiconductor device 
of the fourth embodiment according to the present 10 
invention; 

FIG. 20 is a diagram illustrating another bonding 
process in the method for producing the semicon- 
ductor device of the fourth embodiment according 
to the present invention; 15 
FIG. 21 is a diagram illustrating still another bond- 
ing process in the method for producing the semi- 
conductor device of the fourth embodiment 
according to the present invention; 
FIG. 22 is a diagram illustrating still another bond- 20 
ing process in the method for producing the semi- 
conductor device of the fourth embodiment 
according to the present invention; 
FIG. 23 is a diagram illustrating still another bond- 
ing process in the method for producing the semi- 25 
conductor device of the fourth embodiment 
according to the present invention; 
FIG. 24 is a diagram illustrating effects of the semi- 
conductor device of the fourth embodiment accord- 
ing to the present invention; and 30 
FIG. 25 is a diagram illustrating a problem gener- 
ated when wires are directly bonded to electrodes 
of the semiconductor device of the fourth embodi- 
ment according to the present invention. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] With reference to the drawings, a description 
will be given below of preferred embodiments of the 40 
present invention. 

[0019] FIGS. 5 through 7 are diagrams for illustrat- 
ing a semiconductor device 20A according to a first 
embodiment of the present invention. FIG. 5 is a cross- 
sectional view showing the semiconductor device 20A. 45 
FIG. 6 is a plan view showing the semiconductor device 
20A where encapsulating resin 6A is partly removed. 
FIG. 7 is a perspective view illustrating a wire connect- 
ing structure of the semiconductor device 20A. 
[0020] The semiconductor device 20A of the so 
present invention is a BGA (ball grid array) type semi- 
conductor device, which comprises a plurality of semi- 
conductor elements 22 through 24 (three in this 
embodiment), encapsulating resin 26, first through third 
wires 30 through 32, a substrate 33, and a plurality of 55 
solder balls 35. 

[0021] The first, second and third semiconductor 
elements 22, 23 and 24 are configured to be stacked on 



the substrate 33. SpecrficaHy, between the first semi- 
conductor element 22 and the second semiconductor , 
element 23, between the second semiconductor ele- 
ment 23 and the third semiconductor element 24, and 
between the third semiconductor element 24 and the 
substrate 33, filmy insulation adhesive 38 is introduced. 
The semiconductor elements 22 through 24 and the 
substrate 33 are thus configured to adhere to each 
other by the insulation adhesive 38. In this embodiment, 
since the insulation adhesive 38 is filmy adhesive, its 
thickness is uniform and very thin. 
[0022] Also, in a state of being stacked together, the 
first, second and third semiconductor elements 22, 23 
and 24 are configured such that at least one peripheral 
side of each of the semiconductor elements 22, 23 and 
24 is stepped so that they are stacked like stairs. As 
shown in FIG. 7, first, second and third electrodes 27, 
28 and 29 are provided in predetermined positions on 
peripheries of the semiconductor elements 22, 23 and 
24, respectively. Accordingly, the second electrodes 28 
provided on the second semiconductor element 23 are 
positioned on a stepped portion'formed by the first sem- 
iconductor element 22 and the second semiconductor 
element 23, and the third electrodes 29 provided on the 
third semiconductor element 24 are positioned on a 
stepped portion formed by the second semiconductor 
element 23 and the third semiconductor element 24. 
[0023] The substrate 33 may be, for example, a flex- 
ible wiring substrate made of polyimide, or a printed wir- 
ing substrate made of glass epoxy. On a surface of the 
substrate 33, which surface (hereinafter referred as to 
an upper surface) the semiconductor elements 22 
through 24 are carried on, there are provided a plurality 
of bonding pads 34, a plurality of ball-connecting pads 
39, and a plurality of wires 40. 

[0024] As shown in FIG. 6, the plurality of bonding 
pads 34 are formed on a periphery of a place, where the 
semiconductor elements 22 through 24 are carried, and 
as will be described later are respectively bonded by a 
plurality of the third wires 32. Also, the ball-connecting 
pads 39 are provided on a place where the solder balls 
35 are formed. In this embodiment, the solder balls 35 
are arranged in an area-array state. Accordingly, the 
solder balls 35 are provided under the stacked semicon- 
ductor elements 22 through 24. 

[0025] Facing toward the plurality of ball-connecting 
pad 39, a plurality of holes 41 are formed as shown in 
FIG. 5. The solder balls 35 serving as the connecting 
terminals are joined to the ball-connecting pads via the 
holes 41 in the substrate 33. Also, the wires 40 are laid 
in a predetermined pattern so as to connecting the 
bonding pads 34 to the respective ball-connecting pads 
39. 

[0026] As previously described, since the ball-con- 
necting pads 39 are positioned under the surface where 
the semiconductor elements 22 through 24 are carried, 
the wires 40 are laid extending from the bonding pads 
34 toward the inside and such a structure may be called 
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a fun-in structure. Accordingly, the bonding pads 34 are 
electrically connected to the solder balls 35 via the 
wires 40 and the ball-connecting pads 39, respectively. 
[0027] The encapsulating resin 26 may be, for 
example, epoxy resin and is designed to be able to s 
encapsulate the semiconductor elements 22 through 24 
and the wires 30 through 32 therewithin. In this embod- 
iment, the semiconductor device 20A is produced such 
that a substrate (hereinafter referred to as basic sub- 
strate) which is wider than the substrate 33 of the semi- 
conductor device 20A is prepared, then a plurality of 
sets of the semiconductor elements 22 through 24 are 
stacked on the basic substrate, and after a wire bonding 
process is performed, the plurality of groups of the sem- 
iconductor elements 22 through 24 and the wires 30 
through 32 are molded together and then a dicing proc- 
ess is used so that the basic substrate is diced into indi- 
vidual semiconductor devices 20A. Accordingly, 
productivity in fabricating the semiconductor device 20A 
can be improved. 

[0028] Next, a description is given below of the first, 
the second and the third wires 30, 31 and 32. 
[0029] Each of the wires 30 through 32 may be fine 
conductive lines made of a metal material such as cop- 
per or the like, and be laid by using a wire bonding 
device. The first wires 30 are laid between the second 
electrodes 28 provided on the second semiconductor 
element 23 and the first electrodes 27 provided on the 
first semiconductor element 22 which is directly stacked 
on the second semiconductor element 23. Also, each of 
the wires 30 through 32 is laid between electrodes, 
which have identical electrical characteristics and signal 
characteristics, namely, equi-characteristic electrodes. 
[0030] Specifically, the second wires 31 are laid 
between the third electrodes 29 provided on the third 
semiconductor element 24 and the second electrodes 
28 provided on the second semiconductor element 23 
which is directly stacked on the third semiconductor ele- 
ment 24. Further, the third wires 32 are laid between the 
bonding pads 34 provided on the substrate 33 and the 
third electrodes 29 provided on the third semiconductor 
element 24 which is directly stacked on the substrate 
33. 

[0031] In addition, the meaning of " directly 

stacked on " is that " stacked immediately on an 45 

upper portion of But this does not means that the 

insulation adhesive 38 is not introduced therebetween. 
Accordingly, for example, a semiconductor element, 
which is directly stacked on the third semiconductor ele- 
ment 24, is the second semiconductor element 23, not so 
including the first semiconductor element 22. 
[0032] When laid as previously described, the first 
to the third wires 30 through 32 are connected to the 
substrate 33 via relays of the stacked semiconductor 
elements 24 and 23. As shown in FIGS. 5 and 7, they ss 
are thus laid step by step from the uppermost first sem- 
iconductor element 22 to the substrate 33. 
[0033] In this embodiment, since the first to the third 



Wires 30 through 32 are connected to the substrate 33 
via relays of the stacked semiconductor elements 24 
and 23, the lengths of each of the wires 30 through 32 
can be shortened and thereby heights of wire loops 
thereof (distances from positions of second bonding of 
the wires to tops of the wire loops) can also be lowered. 
Accordingly, space for the wire loops within the semi- 
conductor device 20A can be designed smaller, and 
thereby the miniaturization (in height) of the semicon- 
ductor device 20A can be achieved. 
[0034] Also, in the embodiment, only one of the 
wires 32 is coupled to a corresponding one of the bond- 
ing pads 34 provided on the substrate 33. For this rea- 
son, each of the bonding pads 34 can be made smaller 
compared to the conventional bonding pads 14 (see 
FIGS. 3 and 4), to each of which the plurality of wires 1 0 
through 12 is coupled. As a result, the semiconductor 
device 20A of the present invention can be miniaturized. 
[0035] Next, a description is given below of a 
method for producing the semiconductor device 20A 
previously described. 

[0036] In addition, since the method of this embodi- 
ment is featured in a wire bonding process which serves 
to lay the first, the second and the third wires 30 through 

32, and is the same as conventional ones in other proc- 
esses, a description of only the wire bonding process is 
given below. 

[0037] FIGS. 8 through 12 are diagrams illustrating 
a sequence of the wire bonding process for laying the 
first, the second and the third wires 30 through 32. 
[0038] FIG. 8 shows a state prior to the wiring bond- 
ing process of the wires 30 through 32. As shown in this 
diagram, the first to the third semiconductor elements 
22 through 24 are stacked in advance on the substrate 

33. In this embodiment a stud-bump forming process, 
which is equivalent to a spacer-member arranging proc- 
ess in Claim 6, is performed for the wires 30 through 32 
prior to the wiring bonding process. 

[0039] In the stud-bump forming process, first stud 
bumps 36 are formed on the second electrodes 28 pro- 
vided on the second semiconductor element 23, and at 
the same time second stud bumps 37 are formed on the 
third electrodes 29 provided on the third semiconductor 
element 24. In this embodiment, stud bumps are not 
provided on the first electrodes 27. 
[0040] The first and the second stud bumps 36 and 
37, as will be described later, serve as spacer members, 
and are formed by using the wire bonding device also 
used for wire-bonding the first through the third wires 30 
through 32. In addition, the stud bumps 36 and 37 may 
be made of a material the same as that of the wires 30 
through 32. 

[0041] Thus, one wire bonding device can lay both 
the stud bumps 36, 37 and wires 30 through 32. Accord- 
ingly, there is no need to use additional equipment to 
form the stud bumps 36 and 37 and thereby the cost 
thereof can be saved. 

[0042] FIG. 9 shows a state in which a fine metal 
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line 25A is joined to the first electrode 27 provided on 
the first semiconductor element 22 (first bonding). The 
wires 30 through 32 are laid by using a capillary 42 
which is provided in the wire bonding device. 
[0043] The capillary 42 has a hole formed in the 5 
center thereof through which the fine metal line 25A can 
pass. The fine metal line 25A is coupled to the electrode 
27 by using the capillary 42 such that part of the fine 
metal line 25A is extended out of the capillary 42 so as 
to form a ball portion on the extended part by' a spark 10 
discharge or the like, and then the ball portion is 
pressed upon the. electrode 27 while the capillary 42 Is 
ultrasonically vibrated. Thus, the fine metal line 25A is 
ultrasonically welded on the electrode 27. 
[0044] As previously described, during the first is 
bonding of the fine metal line 25A, the bail portion 
formed on the end of the fine metal line 25A is joined to 
the electrode 27, and such a junction is called a nail 
head bonding. In a description to be given below, a junc- 
tion portion between the fine metal line 25A and the 20 
electrode 27 is called a first nail head bonding (herein- 
after referred to as NHB) portion 63 A. 
[0045] When the fine metal line 25A is joined to the 
first electrode 27, the capillary 42 pushes the fine metal 
line 25A out and moves it to a place where the second 25 
electrode 28 of the second semiconductor element 23 is 
formed. Then, the capillary 42 presses the fine metal 
line 25A upon the first stud bump 36 formed on the sec- 
ond electrode 28 so as to perform an ultrasonic welding 
by the ultrasonic vibration (second bonding). 30 
[0046] Thus, as shown in FIG. 10, one of the first 
wires 30 is laid between one of the first electrodes 27 
and one of the second electrodes 28. At this time, 
although the first stud bump 36 is somewhat deformed 
due to being pressed by the capillary 42, a predeter- 35 
mined height D1 is maintained as shown by arrows in 
FIG. 13. 

[0047] In this embodiment as previously described, 
a second bonding side of the first wire 30 is joined to the 
first stud bump 36. The first stud bump 36 is made of a 40 
material (conductive material) the same as that of wires 
30 through 32! \ 
[0048] For this reason, in a state of the second 
bonding side of the first wire 30 being joined to the stud 
bump 36, the first wire 30 becomes electrically con- 45 
nected with the second electrode 28. Also, FIG. 10 
shows a state in which a ball portion 43A is formed on 
the end portion of the fine metal line 25 A so as to form 
the second wire 31. 

[0049] As previously described, when laying of the so 
first wire 30 is completed, laying of the second wire 31 
begins. The second wire 31 is laid such that the capil- 
lary 42 is moved to a place where the first stud bump 36 
is formed, and then the ball portion 43A is pressed upon 
the first stud bump 36 and at the same time, the capil- 55 
lary 42 is ultrasonically vibrated. 

[0050] Thus, as shown in FIG. 11, the fine metal 
line 25A is ultrasonically welded on the first stud bump 



36. Since the welding of the fine metal line 25A 
becomes the first bonding, a second NHB portion 64A is 
formed on the first stud bump 36. 
[0051] After the fine metal line 25A is Joined to the 
first stud bump 36, the capillary 42 pushes the fine 
metal line 25A out and moves it to a place where the 
third electrode 29 of the third semiconductor element 24 
is formed. Next, the capillary 42 presses the fine metal 
line 25A upon the second stud bump 37 formed on the 
third electrode 29 so as to perform the ultrasonic vibra- 
tion (the second bonding). 

[0052] Thus, as shown in FIG. 12, the second wire 
31 is laid between the second electrode 28 and the third 
electrode 29. At this time, although the second stud 
bump 37 is somewhat deformed due to being pressed 
by the capillary 42, the predetermined height D1 is 
maintained as shown by an arrow in FIG. 13. Further, 
since the second stud bump 37 is also made of the 
same conductive material, in a state of the second 
bonding side of the second wire 31 being joined to the 
stud bump 37, the second wire 31 becomes electrically 
connected with the third electrode 29. 
[0053] Similarly, by performing the same process as 
previously described, the third wire 32 is laid between 
the third electrode 29 and the bonding pad 34 of the 
substrate 33. On the bonding pad 34, however, there is 
no stud bump formed. 

[0054] By performing the wire bonding process pre- 
viously described, the wires 30 through 32 can be con- 
nected to the substrate 33 via the relays of the 
semiconductor elements 24 and 23, and thereby they 
are laid step by step from the first semiconductor ele- 
ment 22 to the substrate 33. According to such a config- 
uration, the wires 30 through 32 can be shortened and 
the loop heights thereof can be lowered. 
[0055] When the wires 30 through 32 are short- 
ened, inductance thereof is reduced and thereby the 
electrical characteristics (particularly* high-freqUency 
characteristics) of the semiconductor device 20A can be 
improved. In addition, conventionally as shown in FIG. 
3, the electrodes 7 through 9 of the semiconductor ele- 
ments 2 through 4 are directly connected to the bonding 
pads 14, and this brings about a problem.that the bond- 
ing pads 14 are congested with the wires 10 through 12. 
As a result, the adjacent wires may contact each other 
and the bonding pads 14 become large. 
[0056] In contrast, according to this embodiment, 
the electrodes of the first and second semiconductor 
elements 22 and 23 are not directly connected to the 
bonding pads 34 and thereby the number of the wires is 
not increased even in a connection place near to the 
substrate 33. Hence, the adjacent wires can avoid con- 
tacting with each other and the miniaturization of the 
bonding pads 34, which contributes to the miniaturiza- 
tion of the semiconductor device 20A, can be achieved. 
[0057] Further, by lowering the loop heights of the 
wires 30 through 32, the miniaturization (in height) of 
the semiconductor device 20A can be realized. In the 
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case of lowering the loop heights of the wires 30 
through 32, however, the wires 30 through 32 may con- 
tact the corner portions of the semiconductor elements 
22 through 24 as shown by an arrow A1 in FIG. 14, and 
this may result in a short circuit. 

[0058] In this embodiment, however, the first stud 
bump 36 is mounted between the second NHB portion 
64A and the second electrode 28 and the second stud 
bump 37 is mounted between the third NHB portion 65A 
and the third electrode 29. Thereby, the wires 30 
through 32 can avoid contacting the corner portions of 
the semiconductor elements 22 through 24. 
[0059] Next, with reference to FIG. 1 3, a description 
is given below in respect of effects of the first and sec- 
ond stud bumps 36 and 37. Because the effects of the 
first stud bump 36 is the same as that of the second stud 
bump 37, the description is given only for. the first stud 
bump 36. 

[0060] The first stud bump 36 is sandwiched 
between the second electrode 28 and the second NHB 
portion 64A, where the second bonding of the first wire 
30 is performed. As previously described, since the first 
stud bump 36 has the height D1* the second NHB por- 
tion 64A is separated from the second electrode 28 by 
the predetermined measure D1. That is, the first stud 
bump 36 serves as the spacer member for separating 
the second NHB portion 64A from the second electrode 
28. 

[0061] On the other hand, in order to avoid having 
the wires 30 through 32 contacting the semiconductor 
elements 22 through 24, it is necessary to form a space 
therebetween. As described in this embodiment, by pro- 
viding the first stud bump 36 therebetween, the second 
bonding position of the first wire 30 is separated from 
the second electrode 28, and thereby the first wire 30 is 
separated from the corner of the first semiconductor 
element 22. 

[0062] Also, by providing the first stud bump 36, the 
second NHB portion 64A is separated from the second 
electrode 28 and the second wire 31 is separated from 
the corner of the second semiconductor element 23. 
Further, in the second bonding position of the second 
wire 31, the second stud bump 37 is provided and 
thereby the second wire 31 is separated from the corner 
of the second semiconductor element 23. 
[0063] Accordingly, by providing the first and sec- 
ond stud bumps 36 and 37, the contact of the wires 30 
through 32 with the semiconductor elements 22 through 
24 can be prevented. As a result, a short circuit does not 
occur between the wires 30 through 32 and circuits 
formed in the semiconductor elements 22 through 24, 
and thereby the reliability of the semiconductor device 
20 A can be improved. 

[0064] Also, distances between the wires 30 
through 32 and the semiconductor elements 22 through 
24 can be adjusted by adjusting the heights of the first 
and second stud bumps 36 and 37. It is desirable to set 
these heights at least as high as required to provide 



space between the wires 30 through 32 and the semi- 
conductor elements 22 through 24. 
[0065] That is, it would be better for the stud bumps 
36 and 37 to be made higher In terms of preventing the 

5 wires 30 through 32 from contacting the semiconductor 
elements 22 through 24. If the stud bumps 36 and 37 
are made too high, however, the loop heights of the 
wires 30 through 32 become higher and this results in a 
large size of the semiconductor device 20A. 

io [0066] Accordingly, by properly designing; the 
heights of the stud bumps 36 and 37 equal to the mini- 
mum height required to form the space, between the 
wires 30 through 32 and the semiconductor elements 
22 through 24, the miniaturization and high reliability of 

is the semiconductor device 20A can both be achieved. 
[0067] Next, a description will be given below with 
respect to a second embodiment of the present inven- 
tion. 

[0068] FIG. 15 is a diagram illustrating a wire con- 
20 necting structure of a semiconductor device of the sec- 
ond embodiment. In . addition, . in FIG. 15 and other 
diagrams to be used later, parts, which are the same as 
those in FIGS. 5 through 13 used for the first embodi- 
ment, are given the same reference numerals and a 
25 description thereof is omitted. 

[0069] The semiconductor device of the second 
embodiment Is featured in that dummy pads 46A which 
are provided on the semiconductor elements 22 through 
24 serve as a relay portion for the wires 30 through 32. 
30 The dummy pads 46A are electrically not connected 
with circuits formed within the semiconductor elements 
22 through 24. 

[0070] Also, the dummy pads 46A, which are pro- 
vided on places where the electrodes 27 through 29 are 

35 located, have sizes equal to or broader than the elec- 
trodes 27 through 29. The dummy pads 46A provide 
sufficient space for the wires to be connected thereto. 
[0071] As shown in FIG. 15, in this embodiment, 
only one dummy pad 46A is provided on the second 

40 semiconductor element 23. Usually, each of the semi- 
conductor elements 22 through 24 is provided with a 
plurality of the dummy pads 46A. 
[0072] As previously described, since the dummy 
pad 46 A is electrically not connected with circuits 

45 formed within the semiconductor element 23, the 
dummy pad 46A can be connected to the wires 30 and 
31 without considering electrical properties. That is, in a 
case of connecting a pair of semiconductor elements 
(for example, the first and second semiconductor ele- 

50 ments 22 and 23) by using the first wire 30, the elec- 
trodes 27 and 28 that are connected together are 
required to have identical electrical properties. How- 
ever, the dummy pad 46A is not connected with the cir- 
cuits of the semiconductor element 23 and therefore the 

55 properties of the dummy pad 46A need not to be con- 
sidered. 

[0073] In this configuration, the dummy pads 46A 
provided on the semiconductor elements 22 through 24 
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can serve as relay portions for relaying the wires 30 
through 32. That is, the dummy pads 46 provide latitude 
in laying out the wires 30 through 32 so that the wires 30 
through 32 can be made shorter than otherwise, and 
can be laid without an undesirable wire flow at the time 5 
of the mold of the encapsulating resin 26. 
[0074] Next, a description will be given below with 
respect to a third embodiment of the present invention. 
[0075] FIGS. 16 and 17 show a semiconductor 
device 20 B of the third embodiment according to the 
present invention. FIG. 16 is a cross-sectional view of 
the semiconductor device 20B and FIG. 1 7 is plan view 
of the same where the encapsulating resiri 26 is 
removed in part. 

[0076] The semiconductor device 20B in this 
embodiment is featured in that re-wiring layers 47 and 
48 are provided on the second and third semiconductor 
elements 23 and 24, respectively. As seen from FIG. 1 7, 
the re-wiring layer 47 is provided approximately parallel 
to a row of the second electrodes 28 on a stepped por- 
tion formed by the first and second semiconductor ele- 
ments 22 and 23, and the re-wiring layer 48 is provided 
approximately parallel to a row of the third electrodes 29 
on a stepped portion formed by the second and third 
semiconductor elements 23 and 24. 
[0077] In the third embodiment, the re-wiring layers 
47 and 48 are formed as printed circuit substrates 
where re-wiring patterns 47A and 48A having predeter- 
mined patterns are formed thereon. Also, the re-wiring 
layers 47 and 48 are fixed on the second and third sem- 
iconductor elements 23 and 24 with adhesive. 
[0078] Besides being formed as the printed circuit 
substrates* the re-wiring layers 47 and 48 may be 
formed as flexible printed substrates or the like, and 
may be integrally formed on the second and third semi- 
conductor elements 23 and 24. 

[0079] Thus, by providing the re-wiring layers 47 
and 48 on the second and third semiconductor ele- 
ments 23 and 24, first through fifth wires 50 through 54 
can be. prevented from crossing and generating a short 40 
circuit even if the electrodes 27 through 29 provided on 
the semiconductor elements 22 through 24 are laid out 
in a different way. With respect to this, a description will 
be given below. 

[0080] In a case of connecting the stacked semi- 45 
conductor elements 22 through 24, the wires 50 through 
54 need to be laid between the electrodes which have 
the equal electrical properties and signal properties, 
namely, equi -electrodes. In a case where an electrode 
layout of the directly stacked first semiconductor ele- so 
ment 22 is equal to that of the second semiconductor 
element 23 and the electrode layout of the second sem- 
iconductor element 23 is equal to that of the third semi- 
conductor element 24, the wires 50 through 54 may be 
laid between the electrodes 27 through 29, straight with- 55 
out crossing (see FIGS. 6 and 7). 
[0081] However, in a case where the electrode lay- 
outs of the semiconductor elements are different from 



each other, the equi-electrodes 27 through 29 are not 
arranged in corresponding positions on the semicon- 
ductor elements, and the wires need to be laid between 
those equi-electrodes. For this reason, the laying of 
these wires becomes difficult. In particular, if the wires 
are laid with high -density, they may contact each other, 
but avoiding the contact thereof may require increasing 
the size of the semiconductor device. 
[0082] In contrast, in the third embodiment, by pro- 
viding the re-wiring layers 47 and 48, which have the 
predetermined re-wiring patterns 47A and 48A, on the 
semiconductor elements 23 and 24, the wires 50 
through 54 are, via the re-wiring layers 47 and 48, elec- 
trically connected among the first through third semi- 
conductor elements 22 and 24 and between the thircf 
semiconductor element 24 and the substrate 33. 
[0083] Specifically, as shown in FIG. 1 7, a. first elec- 
trode 27A, which is the uppermost one on the semicon- 
ductor element 22, and a second electrode 28A, which 
is the lowermost one on the semiconductor element 23, 
are equi-electrodes and therefore need to be wire-con- 
nected. In a case of connecting the electrodes 27A and 
28A directly via a wire, the wire has to be diagonally laid 
and may contact other wires provided thereon. Also, 
since the length of the diagonally laid wire is increased, 
the electrical properties thereof may be degraded. 
[0084] Accordingly, in the third embodiment, without 
directly connecting the first electrode 27A and the sec- 
ond electrode 28A, first, the first electrode 27A is con- 
nected to the re-wiring layer 47 via the first wire 50. 
[0085] The re-wiring layer 47 has the re-wiring pat- 
tern 47A which is approximately parallel to the rows of 
electrodes 27 and 28. The first wire 50 is laid between 
an upper end of the re-wiring pattern 47A and the first 
electrode 27A and the second wire 51 is laid between a 
lower end of the re-wiring pattern 47A and the second 
electrode 28A. 

[0086] Thus, the first and second wires 50 and 51 
do not interfere with other wires and are laid with short- 
ened lengths. In addition, other wires may form wire 
loops over the re-wiring layer 47. 
[0087] By providing the re-wiring layers 47 and 48, 
the wires 50 through 54 are prevented from crossing 
and thereby generating a short circuit Also, it is possi- 
ble that combinations of the semiconductor elements 22 
through 24 will not be restricted by the electrode lay- 
outs. Also, the wires are shortened and thereby the 
electrical properties of the semiconductor device 20B 
can be improved. 

[0088] Next, a description will be given below with 
respect to a fourth embodiment of the present invention. 
[0089] FIG. 18 is a cross-sectional view showing a 
semiconductor device 20C of the fourth embodiment. 
The semiconductor device 20C is featured in that first 
through third wires 55 through 57 are thicker than the 
wires 30 through 32 in diameter. 

[0090] Specifically, the diameter of each of the 
wires 30 through 32, which are used in the previously 
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described embodiments, is approximately 25 u.m, but in 
this embodiment, the diameter of the wires 55 through 
57 ranges between 50 jim and 150 urn. Accordingly, 
inductance of the wires 55 through 57 can be reduced 
and thereby high-frequency properties thereof can be 5 
improved. 

[0091] FIGS. 19 and 20 illustrates a wire bonding 
process for laying the first through third wires 55 through 
57 as a part of a method for producing the semiconduc- 
tor device 20C. Next, a description will be given below in 10 
respect of the wire bonding process. In addition, parts, 
which are the same as those in FIGS. 8 to 14, are given 
the same reference numerals. 

[0092] FIG. 1 9 shows a state prior to the bonding of 
the first through third wires 55 through 57. In this is 
embodiment, the stud-bump forming process is also 
performed before the wire bonding process. 
[0093] The stud-bump forming process performed 
in this embodiment is featured in that first through third 
stud bumps 66 through 68 are formed correspondingly 20 
to all of the electrodes 27 through 29 provided on the 
first through third semiconductor elements 22 through 
24. That is, in this embodiment, the stud bump 66 is 
formed corresponding to the electrode 27 of the first 
semiconductor element 22. 25 
[0094] The first through third stud bumps 66 
through 68, which serve as the spacer members the 
same as the previously described first and second stud 
bumps 36 and 37, are formed by the wire bonding 
4 device used in the wire bonding of the first through third 30 
wires 55 through 57. The fine metal line 25A, which has 
a diameter of 25 um less than that of the wires 55 
through 57, is also used in this embodiment for forming 
the stud bumps 66 through 68. 

[0095] The wire bonding device can use either the 35 
fine metal line 25A with the diameter of 25 u.m for form- 
ing the stud bumps 66 through 68 or the fine metal line 
25B with a diameter ranging from 50 um to 1 50 urn for 
forming the wires 55 through 57. Accordingly, both the 
first through third stud bumps 66 through 68 and the first 40 
through third wires 55 through 57 are formed by using 
only one device. As a result, no additional equipment is 
needed to form the stud bumps 66 through 68 in this 
embodiment and thereby the production cost of the 
semiconductor device 20C is not increased. 45 
[0096] FIG. 20 shows a first bonding state of the 
fine metal line 25B being joined to the first electrode 27 
of the first semiconductor element 22. In this embodi- 
ment, since the fine metal line 25B having the diameter 
of 50 u,m to 150 urn is relatively thick, a ball portion 43B so 
formed on an end thereof becomes relatively large. 
[0097] The capillary 42 presses the ball portion 43 B 
upon the first stud bump 66 previously formed on the 
electrode 27 and at the same time is ultrasonically 
vibrated, so that the ball portion 43B is ultrasonically 55 
welded on the first stud bump 66. Since the junction of 
the fine metal line 25B is the first bonding, a first NHB 
portion 63B is formed on the first stud bump 66. At this 



time, although the first stud bump 66 is somewhat 
deformed by the pressing of the capillary 42, a predeter- 
mined height D3 shown by an arrow in FIG. 24 is main- 
tained. 

[0098] After the fine metal line 25B is joined to the 
first electrode 27 via the first stud bump 66, the capillary 
drags the fine metal line 25B and moves it to a place 
where the second electrode 28 of the second semicon- 
ductor element 23 is formed. Then, the capillary 42 
presses the fine metal line 25 B upon the second stud 
bump 67 formed on the second electrode 28 and, at the 
same time performs an ultrasonic weld with the ultra- 
sonic vibration (the second bonding). 
[0099] Thus, although the second stud bump 67 is 
somewhat deformed by the pressing of the capillary 42, 
a predetermined height D2 shown by an arrow in FIG. 
24 is maintained. Accordingly, as shown in FIG. 21, the 
first wire 55 is laid between the,first electrode 27 and the 
second electrode 28. 

[0100] As previously described, after the first wire 
.55 is thus laid, the second wire 56 is laid such that the 
capillary 42 is moved to a place where the second stud 
bump 67 is formed so that the capillary 42 can press the 
ball portion 43B upon the second stud bump 67 and at 
the same time is ultrasonically vibrated. 
[0101] As shown in FIG. 22, the fine metal line 25B 
is ultrasonically welded on the second stud bump 67. 
Since the junction of the fine metal line 25B thereto is 
the first bonding, a second NHB portion 64B is formed 
on the second stud bump 67. 

[0102] After the fine metal line 25B is joined to the 
second stud bump 67, the capillary 42 pushes out the 
fine metal line 25B therefrom and moves it to a place 
where the third electrode 29 of the third semiconductor 
element 24 is formed. Then, the capillary 42 presses 
the fine metal line 25B upon the third stud bump 68 
formed on the third electrode 29 so as to perform the 
ultrasonic weld (the second bonding). 
[0103] Thus, although the second stud bump 67 is 
also somewhat deformed by the pressing of the capil- 
lary 42, the predetermined height D2 is maintained. 
Accordingly, as shown in FIG. 23, the second wire 56 is 
laid between the second electrode 28 and the third elec- 
trode 29. Similarly, by performing the previously 
described process, the third wire 57 is laid between the 
third electrode 29 and the bonding pad 34 of the sub- 
strate 33. 

[0104] Accordingly, in the fourth embodiment, by 
providing the first through third stud bumps 66 through 
68, the first through third wires 55 through 57 can be 
separated from the semiconductor elements 22 through 
24. As a result, there is no short-circuit in the circuits 
formed by the wires 55 through 57 within the semicon- 
ductor elements 22 through 24 and the reliability of the 
semiconductor device 20C can be improved. 
[0105] Also, as previously described, since the fine 
metal line 25B is thick, the NHB portions 63B, 64B and 
65B formed during the first bonding of the fine metal line 
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25 B become large. Accordingly, in a case where the 
stud bumps 66 through 68 are not provided, as shown 
by an arrow A2 In FIG. 25, the NHB portions 63B, 64B 
and 65B may spill out of the electrodes 27 through 29 
and contact electrodes adjacent thereto or into the cir- 
cuits formed in the semiconductor elements 22 through 
24. FIG. 25 shows an example of the expansion of Just 
the second NHB portion 64B. 

[0106] However, in this embodiment, since the stud 
bumps having the predetermined heights are provided 
between the NHB portions 63B to 65B and the elec- 
trodes 27 through 29, the NHB portions 63B to 65B can 
be prevented from spilling out of the electrodes 27 
through 29. In this embodiment, fine metal lines that are 
sufficiently thin are used for forming the stud bumps 66 
through 68, ensuring that the metal does not spill out of 
the electrodes 27 through 29. 

[0107] Also, even during a process of connecting 
the first wire 55 to the first electrode 27, it is possible for 
the first NHB portion 63B to stick out of the first elec- 
trode 27. For this reason, in this embodiment, the stud 
bump $6 is also formed on the first electrode 27. 
[0108] The above description is provided in order to 
enable any person skilled in the art to make and use the 
invention and sets forth the best mode contemplated by 
the Inventors for carrying out their invention. 
[0109] Although the present invention has been 
described in terms of various embodiments, it is not 
intended that the invention be limited to these embodi- 
ments. Modification within the spirit of the invention will 
be apparent to those skilled in the art. For example, the 
number of the semiconductor elements is not limited to 
three. The semiconductor devices are not limited to the 
BGA type and can be any other semiconductor devices 
which are the stack type and use wires to connect sem- 
iconductor elements provided therein. 
[0110] The present application is based on Japa- 
nese priority application No. 1 1 -29741 0 filed on October 
19, 1999, the entire contents of which are hereby incor- 
porated by reference. 

Claims 

1 . A semiconductor device comprising: 

a plurality of semiconductor elements, at least 
including an uppermost one, a middle one, and 
a lowermost one, which are stacked on a sub- 
strate; 

a plurality of wires, each being electrically con- 
nected between two of electrodes, respectively 
provided on two of the semiconductor ele- 
ments, or between two of electrodes, respec- 
tively provided on said substrate and said 
lowermost semiconductor element which is 
directly stacked on said substrate; and 
a plurality of spacer members, respectively pro- 
vided between said wires and said electrodes 



provided on the semiconductor elements other 
than said uppermost one; wherein 
space is formed between said wires and the 
plurality of semiconductor elements by said 
5 spacer members, without contact therebe- 

tween. 

2. The semiconductor device as claimed in claim 1 , 
wherein said spacer members are stud bumps. 

10 

3. the semiconductor device as claimed in claim 1, 
. wherein the plurality of semiconductor elements are 

provided with a plurality of re-wiring layers each 
having a predetermined re-wiring pattern, via the 
is plurality of re-wiring layers, said wires being electri- 
cally connected between said two semiconductor 
elements and between the lowermost semiconduc- 
tor element and the substrate. 

26 4. The semiconductor device as claimed in claim 2, 
wherein each of said wires is larger in diameter 
than a wire used for forming said stud bumps. 

5. The semiconductor device as claimed in claim 1 , 
25 wherein said semiconductor elements have dummy 

pads which are electrically disconnected from cir- 
cuits formed therewithin. 

6. A method for producing a semiconductor device, 
30 comprising the steps of: 

(a) stacking a plurality of semiconductor ele- 
ments, at least including an uppermost one, a 
middle one, and a lowermost one, on a sub- 

35 strate; and 

(b) performing a wire bonding process in which 
a plurality of wires are each electrically con- 
nected between two of electrodes, respectively 
provided on two of the plurality of semiconduc- 

40 tor elements, or between two of electrodes, 

respectively provided on said substrate and 
said lowermost semiconductor element which 
is directly stacked on said substrate; wherein 

45 said wire bonding process comprises: 

(c) performing a spacer-member arranging 
process in which a plurality of spacer members 
are provided between said wires and said elec- 

so trades provided on the semiconductor ele- 

ments other than said uppermost one; and 

(d) performing a junction process in which said 
wires are respectively joined to said spacer 
members formed by said spacer-member 

55 arranging process. 

7. The method as claimed in claim 6, wherein said 
spacer-member arranging process uses a first wire 
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to form stud bumps which serve as said spacer 
members, and 

said junction process uses second wires, each 
with a diameter greater than that of said first 5 
wire. 

A semiconductor device comprising: 

a plurality of semiconductor elements, at least 10 
including an uppermost one, a middle one, and - 
a lowermost one, which are stacked on a sub- 
strate; 

a plurality of wires, each being electrically con- 
nected between two of electrodes, respectively 75 
provided on two of the semiconductor ele- 
ments, or between two of electrodes, respec- 
tively provided on said substrate and said 
lowermost semiconductor element which is 
directly stacked on said substrate; and 20 
a plurality of re-wiring layers each having a pre- 
determined re-wiring pattern, said wires being 
electrically connected, via the plurality of re- 
wiring layers, between said two semiconductor 
elements and between the lowermost semicon- 25 
ductor element and the substrate. 
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